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Introduction
The CO insertion reaction is an important step in copolymerization of alkenes and carbon monoxide [1] [2] [3] [4] [5] [6] .
In our and other laboratories CO insertions into palladium-carbon bonds of complexes containing bidentate phosphine [7] [8] [9] , bidentate nitrogen [10] , nitrogenphosphine [11 ] and also terdentate nitrogen ligands [ 12] are being investigated extensively. Previous studies on a series of (P-P)Pd(Me)X complexes showed that the type of phosphine ligand has a large effect on the CO insertion rate [7] . The highest reaction rate is found for the bidentate ligand (CdHs)2P-(CH2)3-P(CdHs)2 (dppp), which is believed to originate from a combination of flexibility and a relatively large bite angle of the figand.
Since late-transition metals are soft Lewis acids, the soft Lewis base phosphorus ligands provide very robust metal complexes, while the harder nitrogen ligands form generally less stable complexes. Nevertheless, many palladium complexes containing nitrogen-based ligancls have been synthesized and CO insertions into palladium--carbon bonds of these complexes have been carried out [10, [13] [14] [15] . Unexpectedly, a faster reaction rate is observed when, instead of bidentate phosphine ligands, bidentate nitrogen ligands are used [13] . Since for flexible diphosphine ligands with a large bite angle high insertion rates are found it is rather surprising that, not only for flexible bidentate nitrogen ligands but also for very rigid bidentate nitrogen ligands, which both have small bite angles (76-80°), faster CO insertions ate observed [10, 13, 16] .
Since we are interested in studying the influence of both the flexibility and the bite angle of bidentate ligancls on CO insertions, it appeared to us that it would be timely to investigate the bidentate nitrogen ligand I,l'-bis(2-pyridyl)ferrocene (BPF). This ligand is very flexible as it also coordinates with a large bite angle, e.g. in the complex [Ag(BPF)CIO4]2 (NI-Ag-N2--163.1(I) e) [17] . In this article we will report the coordination chemistry of the ligand BPF towards palladium and platinum and furthermore the reactivity of the complex towards insertion reactions in view of its flexibility and propensity to coordinate with a large bite angle. mmol, 1.0 M in EtzO) dissolved in THF (60 ml) and cooled to 0°C was added and the orange solution was warmed to room temperature. A yellow suspension was formed within 1 h. In a separate flask (PPh3)zPdCI 2 (380 rag, 0.60 mmol) was suspended in THF (20 ml), to which Dibal-H (1.25 ml, 1.25 mmol, I M in THF) was added dropwise. This gave a homogeneous dark solution of (PPh3),Pd which was added to the l,l'-bis(zincchloride)ferrocene via a cannula. 2-Bromopyridine (2.5 g, 32 mmol) was added dropwise to the reaction mixture. A solution of NaOH (10 g, 0.25 mol) in water (100 ml) was added to the solution after 25 h. The organic layer was separated from the water fraction, which was extracted twice with CH2CI 2 (100 ml). The organic layers were dried with Mg2SO 4. The solvent was evaporated and the residue brought upon a column with neutral AI~O s. Elution with diethylether yielded a yellow-orange fraction containing (2-pyridyl)ferrocene. Elution with CH2Cl2 yielded an orange fraction conraining BPF. The product BPF was recrystallized from diethylether at -40°C. Yield 2.4 g (7.2 mmol; 55% 
Experimental

Materials and apparatus
All manipulations were carried out in an atmosphere of purified, dry nitrogen by using standard Schlenk techniques. Solvents were dried and stored under nitro.. gen. JH-NMR and asC-NMR were recorded on a Bruker AMX 300 (300.13 and 75.48 MHz respectively). Chemical shift values are in ppm relative to TMS. Low temperature IR spectra were recorded with a thermostatic IR cell on a Bio-Rad FTS-7 spectrometer. Elemental analyses were carried out by Domis u, Kolbe Mikroanalytisches Laboratorium, ML~hlheim a.d, Ruhr, Germany, Dibal-H was purchased and used without purification. FcLi2/TMEDA [18] , (COD)PdMeCI [19] and K[PtCI s(CH 2 --CH 2)] [20] were synthesized according to previously reported procedures,
Synthes/s of I ,l'-bis(2-pyridyl)ferrocene, BPF (i)
FcLia/TMEDA (4.0 g, 13 retool) was dissolved in THF (I00 ml) and cooled to 0°C. ZnCl 2 (25.6 ml, 25.6 2,3. Synthesis of ( l ,l'.bisf2.pyridyl)ferrocene)chloromethylpalladiumfll), (BPF)PdfMe)CI (2) (COD)Pd(Me)CI (250 rag, 0.94 mmol) and BPF (330 rag, 0.97 retool) were dissolved in toluene (20 ml). The orange suspension, which was formed after 30 rain, was centrifuged and washed twice with diethylether (20 ml) to yield an orange powder (424 rag, 0.86 mmol, 91%). Crystals suitable for X-ray analysis were obtained by slow diffusion of diethylether in a solution of the product in CH2CI 2 at -20°C.
IH (2-pyridyl) 
Synthesis of (l,l'-bis
Synthesis of (l,l'-bis(2-pyridyl)ferrocene)acetylchloropalladium(H), (BPF)Pd(C(O)Me)CI (4)
CO was bubbled through a solution of (BPF)Pd(Me)-Cl (105 mg, 0.21 mmol) in CH2C! 2 (20 ml) for 5 min, after which the solution was filtered. The solution was Table 1 Crystal and refinement data for (BPF)Pd(Me)CI (2) 
2.7., X-ray structure determination of 2
An orange-red crystal (0.13 × 0.13 × 0.43 mm 3, cut to size and covered in inert oil) was mounted on top of a Lindermann-glass capillary and txansferred into the cold nitrogen stream on an Enraf-Nonius CAD4-T diffractometer on rotating anode. Accurate unit-cell parameters and an orientation matrix were determined from the setting angles of 25 reflections (SET4 [21] ) in the range 9.9 ° < 0 < 14.0 °. Reduced-cell calculations did not indicate higher lattice symmetry [22] . Crystal data and details oa data collection and refinement are given in Table 1 .
Data were conected for Lp effects and for a linear decay of 2% of the periodically measured reference reflections. An empirical absorption/extinction correction was applied (DIFAnS [23] as implemented in PLATON [24] ). The structure was solved by automated Patterson methods and subsequent difference Fourier techniques, mRDIF-92 [25] . Refinement on F 2 was carried out by full-matrix least-squares techniques (SH~XL-93 [26] ); no observance criterion was applied during refinement. Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were refined with fixed isotropic thermal parameters related to the value of the equivalent isotropic thermal parameter of their Table 2 Final coordinates and equivalent isotropic thermal parameters of the non-hydrogen atoms tor (BPF)Pd(Me)CI (2) (with e.s.d.s in parentheses)
0.27953 (6) 036339 ( (7) 1.380 (7) carrier atoms by a factor of 1.5 for the methyl-hydrogen atoms and a factor of 1,2 for the other hydrogen atoms, In the final stages of refinement an (independent) small void remained of approximately 15.2 ,~3 on the special position 0.5, 0, 0. However, no residual density was found in that area (Pi, ATON/SQUEEZE [27] ). Weights were optimized in the final refinement cycles. Neutral atom scattering factors and anomalous dispersion corrections were taken from International Tables for Crystallography [28] . Geometrical calculations and the illustration were performed with PLATON [24] ; all calculations were performed on a DEC5000/125. Positional parameters are listed in Table 2 for 2, bond distances in Table 3 and bond angles in Table 4 .
X-ray structure determination of 3
A crystal with approximate dimensions 0.05 × 0.25 × 0.60 mm 3 was used for data collection on an EnrafNonius CAD-4 diffractometer with graphite-monochromated Cu K a radiation and ¢0-20 scan, Crystal data and details on data collection and refinement are given in Table i . A total of 5349 unique reflections were measured within the range -17 :g h < 17, 0 < k ~ 14, 0 ~ l ~ 18. Of these, 4310 were above the significance level of 2.5¢r(i). The maximum value of (sin 0)/A was 0.63 ~-t. Two reference reflections (I 4 0, 0 2 3) were measured hourly and showed no decrease during the 60 h collecting time. Unit-cell parameters were refined by a least-squares fitting procedure using 23 reflections with 81 ° < 20 < 88 °. Corrections for Lorentz and polarisation effects were applied. The structure was solved by the PArrY/ORmNT/PtlASEX option of the DIRDIF-91 program system [29] . The hydrogen atom positions were calculated. Full-matrix least-squares refinement on F, anisotropic for the non-hydrogen atoms and isotropic for the hydrogen atoms, restraining the latter in such a way that the distance on their carrier remained constant at approximately 1.09 ~, converged to R = 0.043, Rw ffi 0.065, (A/O')ma x ~---0.46. A weighting scheme w ffi (8.5 + F o + 0.0067F2) -t was used. An empirical absorption correction (DWASS [23] ) was applied, with coefficients in the range 0.64-2.27. The secondary isotropic extinction coefficient [30, 31] refined to G ffi 0.017(3). A final difference Fourier map revealed a residual electron density between -1.9 and 1.6 ,g-3 in the vicinity of the heavy atoms. Scattering factors were taken from Refs. [32, 33] . The anomalous scattering of Fe, Pt and CI was taken into account. All calculations were performed with XTAL [34] , unless stated otherwise. Positional parameters are listed in Table 5 for 3, bond distances in Table 6 and bond angles in Table 7 .
For both structures, determination tables of H-atom coordinates, thermal parameters and complete lists of bond lengths and angles have been deposited at the Cambridge Crystallographic Data Centre.
Results and discussion
Synthetic results
BPF (1)
An improved method to synthesize the ligand I,l'-bis(2-pyridyl)ferrocene (BPF, 1) was necessary since earlier reports mentioned a low yield. The ligand BPF was obtained by reaction of dilithioferrocene/TMEDA with ZnCI2 and subsequent reaction with 2-bromopyridine in the presence of a catalytic amount of Pd(PPh3)2 (5%) which was formed by reducing (PPh;) 2 PdC! 2 with two equivalents of Dibal-H (Scheme 1) [35] . Table 4 Bond angles (°) in (BPF)Pd(Me)CI (2) (8) 0.2651(6) 0.0320 C(7) 0.7944(7) 0.3296 (9) 0.2914(7) 0.0418 ~8) 0.8982(7) 0.3 ! 95(9) 0.2896(7) 0.0420 ~9) 0.9190(8) 0.2202(I 2) 0.2606(7) 0.0569 COO) 0.8312(7) 0.1658 (9) 0.2461(6) 0.0427 ~1 I) 0,6~1 (6) 0,3521 (7) 0.0551(6) 0.0299 C(12) 0,6067 (8) 0,4131(9) 0.1215 (7) The red crystalline product was obtained in 55% yield, which is twice as high as the yield reported before [18, 36] , The IH,and lYC,NMR values are given in the Experimental section, One set of pyridyl signals could be observed in the I H-NMR spectrum and two triplets for the ferrocene protons at 4,83 and 4.32 ppm, Two signals are observed in the t3C-NMR spectrum for the secondary ferrocene carbons at 71.6 and 68.9 ppm, while the quaternary carbon was observed at 85.5 ppm.
(BPF)Pd(Me)CI (2)
Complex 2 was prepared by reaction of (COD)PD-(Me)Ci with 1.1 equivalent of the ligand BPF in toluene (1)).
At room temperature a red precipitate is formed in 91% yield, which is air stable in solution as well as in crystalline form. The product is soluble in most polar non-coordinating solvents. In coordinating solvents such as DMSO and acetonitrile, partial dissociation of the complex occurs, as shown by NMR. The fact that substitution of the ligand occurs with acetonitrile and DMSO is an indication that BPF is not coordinated strongly to the palladium atom.
The complex was characterized by t I-l-, '3C-NMR, elemental analysis and a single crystal X-ray structure determination.
The I H-and ~3C-NMR data (see Experimental section) were measured at 223 K, since at room temperature the signals of the ferrocene protons were broad. The atomic numbering is shown in Scheme I. The two pyridyl groups of the coordinated ligand are inequivalent, from which it may be concluded that BPF coordinates in a cis chelating fashion, comparable with other bidentate nitrogen ligands [ 10,I 3,14,16] . The pyridyl H5 and HI5 signals at 9.16 and 9. I I ppm respectively have shifted to higher ppm values when compared with the free ligand value of 8.36 ppm. The shift of HI5 to a higher ppm value is normal for a proton adjacent to a chloride, while the shift of H5 close to a methyl group is rather large [37] . The other signals of the pyridyl groups remain in the same range and, because of the inequivalency of the protons, the signals overlap. A precise assignment of these protons is not possible.
The low temperature ~H-NMR spectrum shows six broad singlets for the ferrocene ring protons. Two signals at 6.46 ppm and 6.63 ppm are assigned to H7 and H20 respectively. The shift of the proton signals to lower field by 2 ppm compared with the other four signals of the ferrocene protons may be due to the inductive effect of the metal halide [38] . The other four signals at 4.65, 4.58, 4.51 and 4.43 ppm, with the intensity of two protons which originate from the other ferrocenyl protons, could not be assigned unequivocally.
The proton NMR signals of the methyl group o'-bonded to the palladium are observed at 0.91 ppm in the JH-NMR spectrum and the 13C-signal of this methyl at -6.29 ppm in the 33C-NMR spectrum, which is as expected [37] . In the 13C-NMR spectrum ten different pyridyl and ten ferrocene signals could be observed. Most of the pyridyi and ferrocene carbon signals were shifted 1-2 ppm to higher values upon coordination.
BPF/PtCI2(CH2 = CH2 )]2 (3)
In an attempt to synthesize a monomeric PtCl= complex with a chelating BPF ligand in the reaction of the ligand with Zeise's salt in CH2C! 2 another product, 3, was formed in 82% yield (Eq. (2)).
The red product 3 is very stable in air and soluble in various polar solvents such as dichloromethane, chloroform and methanol. In this complex two PtCI=(CH 2 =CH 2) fragments are bridged by one BPF ligand. Attempts to dissociate the coordinated ethylene from the metal in hot methanol failed, while reactions with silver salts like AgOTf led to uncharacterizable products.
Complex 3 was characterized by 'H-, ~3C-NMR, elemental analysis and a single crystal X-ray structure determination.
In the ~H-NMR spectrum one signal at 4.73 ppm (2J~. H = 62 Hz) with an intensity of eight protons was 
Molecular structure of 2
A view of the molecular structure of the complex 2 is shown in Fig. I . Tables 3 and 4 contain the bond lengths and bond angles of the non-hydrogen atoms respectively. This molecular su'ucmre clearly shows the bident~te coordination of the nitrogen ligand to the palladium metal with the two other ligands, methyl and chloride, completing the coordination plane. The palladium to ligand distances are as expected. The Pd-N2 distance of 2.197(3) ,~ is longer than Pd-N1 (2.074(4)~,) because of the higher trans influence of the methyl group [43] . A very interesting feature of this structure is the bite angle NI-Pd-N2 of 84.48(13) °, which is appreciably larger than in comparable complexes of this type containing a-diiimine ligands [ 13] . The bite angle is half as large as the bite angle of this ligand in the complex [Ag(BPF)CIO4] z [17] . In the latter complex the ligand acts nearly as a trans.chelating ligand (NI-Ag-N2 = 163.1(2) °) and possesses C 2 symmetry, while in complex 2 the symmetry of the ligand is C s. The occurrence of both small and large bite angles indicates that the iigand is very flexible indeed. The two symmetries, C2 and C,, however, might not interconvert very easily when the ligand is coordinated to a metal centre, because of a possibly high activation energy between the two sta~s.
The least-square planes through the two pyridyl groups are perpendicular to that formed by N I-Pd-N2.
The two cyclopentadienyl rings of the ferrocene backbone make a dihedral angle of 3.3(2) °, which is smaller than that in the complex [Ag(BPF)CIO4] 2, for which an angle of 7.6(4) ° was found.
Molecular structure of 3
A view of the molecular structure of the complex 3 is shown in Fig. 2 . Tables 6 and 7 contain the bond lengths and bond angles of the non-hydrogen atoms respectively.
In this structure it can be seen that the platinum venires are in a virtually planar surrounding. The angles of CI-Pt-N do not deviate much from 90 °, while the ethylene groups are peq~endicular to the coordination plane. The angles of CI(I)-Pt(I)-CI(2) and Ci(3)-PI(2)-CI(4) (I 76.9 ° and i 76.2 ° respectively) are slightly Cl4   Fig, I , An oR~P [24] plot at 50~ probability level of complex (BPF)Pd(Me)CI (2); hydrogen atoms and CHaCI z omitted for clarity.
distorted from linearity probably because of packing effects. The pyridyi(I) and pyridyl(2) planes make an angle of 100.6°(3) and 74.7°(3) with the coordination planes of Pt(I) and Pt (2) respectively. These deviations may be caused by interaction of the chloride with the ferrocenyl backbone. The two pyridyl planes are almost coplanar and make an angle of 19 ° with one another. The average distance between the atoms of the two rings is 3.65 ~, which indicates that the two pyridyl rings are held together by ~-stacking. The Pt-N and Pt-C! distances are in the range observed for other four-coordinated platinum complexes [39, [44] [45] [46] [47] .
A dinuclear complex is formed because the strong coordination of the ethylene group results in only one coordination site. Furthermore, rotation around the ferrovenyl CsH4-pyridyl axes alleviates steric hindrance and the two pyridyl groups form a bridge between two platinum atoms.
Reaction of (BPF)Pd(Me)CI with CO
A rapid and almost quantitative CO insertion into the palladium-methyl bond of complex 2 occurs to give (BPF)Pd(C(O)Me)CI (3) (Eq. (3)) when CO is bubbled tiirough a solution of 2 in diehloromethane for 5 min at 294 K. This CO insertion is comparable with other complexes containing bidentate nitrogen ligands [13] . The red crystalline product which was obtained in 90% yield is air stable in solution and as a solid. The complex is soluble in polar non-coordinating solvents such as dichloromethane, while partial dissociation of the complex occurs in coordinating solvents such as acetonitrile, as has also been observed for complex 2.
The IH-and ~3C-NMR data were measured at 219 K because the signals are broadened at room temperature. The pattern of the t H-NMR spectrum of complex 4 is almost the same as the spectrum of 2. Upon CO insertion the methyl signal is shifted from 0.91 to 2.78 ppm [10, 13] , while the signals of H7 and H20 are shifted 0.15 ppm to higher values compared with the starting complex.
In the =3C-NMR spectrum the ten different pyridyl and ten ferrocene signals observed did not differ much from the signals of 2. Upon CO insertion the methyl signal shifts from -6.2 to 35.7 ppm. The quaternary carbon of the CO was observed at 226.9 ppm as expected [10, 13] . In the IR spectrum in KBr the CO stretching absorption could be distinguished at 1690 cm -t, which is indicative of the presence of a palladium-bonded acetyl group [ 10, 13] , Interesting behaviour was found for the complex (BPF)Pd(C(O)Me)CI (4) under a =3CO atmosphere in an NMR tube at 223 K. In the t H-NMR spectrum, besides complex 4 and free ligand, two complexes with an acetyl group, but without the iigand BPF, and one complex (BPF)Pd(C(O)Me)(CO)C! (I;) containing an acetyl and the BPF iigand coordinated as a monodenrate, can be observed (see Eq. (4)). The acetyi protons at 2.80, 2.76 and 2.72 ppm are split into doublets by coupling with the I'Ve of the inserted t'~CO (2de= . m 6
Hz).
In the t'~C-NMR spectrum four acetyl CO at 226.8, 218.1, 214. !, 213.9 ppm and four o-coordinated CO signals at 184.9, 174.5, 171.7 and 171.6 ppm can be observed. The acetyl CO signal at 226.9 ppm originates from complex 4 and the signal at 184.9 ppm originates from free CO.
Complex $, in which the ligand is coordinated as a monodentate, shows a typical or-coordinated carbonyi at 174.5 ppm [8, 48, 49] and an acetyl signal at 218.11 ppm. The two complexes without BPF, but both containing a Pd-CO and an acetyl at 171. The IR spectrum at 223 K under riCO atmosphere shows three acetyl absorptions at 1736, 1669 and 1693 cm -= , of which the last absorption is due to complex 4 as has been mentioned before. In the o'-carbonyl region only one absorption can be observed at 2105 era-~, while three signals would be expected. The three o'-carbonyl absorptions ovedap around 2105 cm-= in the IR spectrum.
It is difficult to compare the IR values with other complexes known in the literature. The value of 2105 cm -~ is lower than that for the cationic complex [Pd(C6FsXCO)L2] + (2132-2163 cm -I) [50] or for the neutral complex [Pd(C6Fs)2(CO) 2 ] (2152-2186 cm -a ) [51] . It is also lower than that for the chloride bridged complex Pd2CI4(CO) 2 (2163 cm -m) [48] and that for the anionic complex [PdCI~(CO)]-(2146 era-I). The value of 2105 era= t is analogous to values found for the anionic complexes [PPh~(CHePh)][Pd(R)CI2(CO)] (2100, 2115 cm-~), which may be explained by a relatively high ¢r-back donation from the metal to the CO [521.
The easy dissociation of the BPF ligand of complex 4 in coordinating solvents and in the presence of CO indicates again that the ligand is not coordinating very strongly to the metal centre.
Fht~ionality of complexes 2 and 4
The fluxionality of the complexes 2 and 4 was investigated with variable temperature I H-NMR spectroscopy. The variable temperature I H-NMR spectra of 2 show that the temperature only influences the ferrocenyl signals and not the signals of the pyridyl group (see Fig. 3 ), which remain non-equivalent also at higher temperatures. At elevated temperatures some decomposition of the complex occurs, which explains the appearance of some free ligand at 340 K.
The coalescence of the signals of the ferrocenyl protons H7 with HI0, HI7 with H20, H8 with H9 and HI8 with HI9 can only be explained by the fluxional The variable temperature I H.NMR spectra of complex 4, however, show that both the ferrocenyl and pyridyl signals are involved (see Fig. 5 ). At low temperattire two different pyridyl and two different cyclopentadlenyi groups can be observed, while at high temperamrs the two pyddyi and two cyclopentadlenyl groups are equivalent. In this exchange N t moves from trans to ¢b with regard to the chloride (see Fig. 6 ). This exchange may be explained either by a dissociation of one of the pyridyl lproups or by a dissociation of the chloride and subsequent isomerizadon. In view of the weak bonding of the lilpmd to the metal atom in according solvents, the former possibility appears more likely.
The tH-NMR spectrum at 303 g in signals for the ferrocene protons, while four signals would be expected with only the fluxional behaviour of Fig. 6 taken into account. The appearance of the two signals can be explained again by a coalescence of the ferrocenyi protons H7 with HI0, HI7 with H20, H8 with H9 and HI8 with HI9, as shown in Fig. 4 , identical to complex 2. The fact that the fluxional process shown in Fig. 6 takes place in complex 4 and does not take place in complex 2 may be rationalized by the higher trans influence of the C(O)Me group with regard to the CH 3 group [54] . This higher truss influence leads to preferential weakening of the Pd-pyridyl bond irons to the C(O)Mo group and to dissociation of file pyridyl group, whereby the rearrangement as shown in Fig. 6 becomes feasible.
The facile rearrangements occurring for the complexes 2 and 4 are further proof of the flexibility of BPF.
____...
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Supplementary material available
Further details of the structure determinations, including atomic coordinates, bond lengths and angles and thermal parameters for 2 and 3 (22 pages). Ordering information is given on any current masthead page.
BPF[PtCIz(CH 2 = CH z )]z (3) with extra ligand BPF
Upon addition of one equivalent of BPF to a solution of complex 3 in CDCI 3 three species can be observed in the ~H-NMR spectrum, which are complex 3, free iigand, and a new complex. Precipitation by Et20 yielded the complex BPF[PtCI2(CH2=CH2)] 2 (3) in crystalline form and free ligand in solution, while the new complex could not be isolated. The ratio of the three species in CDCI 3 does not very much depend on the temperature, solvent or amount of free ligand. From the t H-NMR signals, which show overlap especially in the pyridyl region, it can be deduced that in the case of the new compound only one BPF ligand is coordinated to the metal. One ethylene signal with an intensity of four protons occurs at 4.67 ppm. On the basis of these observations two structures (see Fig. 7 ) can be proposed, of which structure 8a is four-coordinated with a monodentate ligand and structure 8b is five-coordinated with a trigonal-bipyramidal configuration.
The formation of four-and five-coordinated Pt-alkene complexes has been extensively studied [39, 42, [44] [45] [46] 55, 56] . It has been reported that bidentate nitrogen ligands with a small ring size and bite angle, such as R2N(CH2)2NR2, stabilize five-coordinated complexes and that four-coordinated complexes will be formed with flexible ligands and a large ring size such as R2N(CH2)3NR2 [39] . Since BPF is a very flexible iigand and forms a large ring size it may be expected that a four-coordinated complex Set is the more likely proposition. Also, the ethylene signal of five-coordinated complexes is commonly observed between 3.4 and 3.6 ppm [39] , while for four-coordinated complexes this value is observed at least around 4.5 ppm. Since the ethylene signal of the new complex occurs at 4.67 ppm we conclude that structure 8a is the most likely one.
Conclusions
In conclusion, BPF is indeed a highly flexible ligand that can accommodate a variety of bite angles in its complexes. The insertion of carbon monoxide into the palladium-methyl bond is fast. Unfortunately, BPF binds only weakly to palladium, thus prohibiting a detailed study of the kinetics of the insertion reaction.
